Introduction
Chemoprophylactic treatment with rifampicin is particularly useful in eradicating nasopharyngeal colonization by Neisseria meningitidis for close contacts of the index case, reducing the carriage state by up to 90%. 1 Although rifampicin resistance is rare, resistant strains have been isolated from recipients of the drug, and there have been reports of meningococcal disease due to rifampicin-resistant strains. 2 The mechanism of resistance in N. meningitidis strains has been linked to the presence of point mutations in a region corresponding to the cluster I of the Escherichia coli rpoB gene. 3, 4 Other mechanisms, such as mutations of the mtr efflux pump, were found to play a role in increased resistance to hydrophobic agents, including antibiotics and detergents, in Neisseria gonorrhoeae. 5 During a long low endemic period in Italy, N. meningitidis isolates showed a trend of slightly decreased susceptibility to rifampicin, recommended by the Health Authorities in Italy, as most of the strains isolated in the last 15 years are highly resistant to sulphonamides. 6 Sequencing of the rpoB and mtr genes was performed on six rifampicin-resistant N. meningitidis isolates belonging to serogroup C and two to serogroup B. The strains were also characterized phenotypically and genotypically to determine their clonal relationship.
Materials and methods
From 1995 to mid-1999, 315 N. meningitidis isolates obtained from cases occurring nationally were sent to the Reference Laboratory of the Istituto Superiore di Sanita'. All strains were confirmed biochemically (API NH, bioMérieux, Marcy l'Etoile, France), serogrouped by slide agglutination with polyclonal antisera (Murex Diagnostics, Dartford, UK), serotyped according to the standard serological techniques, 7 tested for antimicrobial susceptibility and stored at -80 ЊC. MICs of rifampicin were determined by Etest (AB Biodisk, Solna, Sweden) using MuellerHinton agar (Oxoid, Milan, Italy) supplemented with 5% laked horse blood and incubated in 5% CO 2 at 35ЊC for 24 h. Breakpoint criteria were: susceptibility р1 mg/L and resistance у4 mg/L. Staphylococcus aureus ATCC 25923 was used for quality control.
Eight strains were found to be resistant and were included in the study together with sixteen Rif s strains. Five sets of primers were designed, referring to the sequence of N. meningitidis rpoB gene clusters I, II and III (AC# Z54353, by O. J. Nolte, unpublished) , and N. gonorrhoeae mtrR and its promoter gene (AC# Z25796), to generate templates for sequencing (Table I) . Analysis of the sequences was performed using the University of Wisconsin Genetics Computer Group (GCG) software package. 
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Plugs containing DNA for pulsed-field gel electrophoresis (PFGE) analysis were digested with 30 U of NheI (New England Biolabs, Beverly, MA, USA) and electrophoresed in a CHEF-MAPPER II (Bio-Rad, Milan, Italy). Fingerprinting patterns were compared according to the criteria indicated by Dice. 8 The guidelines and interpretative criteria to identify relatedness among isolates described by Tenover et al. 9 were also used. For PCR-RFLP analysis a 1116 bp region of the porA gene and a 910 bp region of the porB gene were amplified using two sets of primers, as described by Feavers et al. 10 Ten microlitres of the PCR products were digested at 37 ЊC for 3 h with 40 U of the following endonucleases: MspI, HaeIII, RsaI, HinfI (New England Biolabs). To define the degree of polymorphism for porA and porB genes, each pattern was compared with the others for the number of shared bands.
The following GenBank accession numbers were assigned to the rpoB genes of the eight rifampicin-resistant N. meningitidis strains: 694 (AJ270498); 745 (AJ270495); 870 (AJ270496); 888 (AJ270497); 899 (AJ270499); 901 (AJ270503); 944 (AJ270502); and 978 (AJ270494).
Results
Results of serotyping and MICs of rifampicin for the eight Rif r N. meningitidis isolates are shown in Table II . The strains were isolated in different hospitals in North and Central Italy at different times between 1995 and 1999.
The comparison of the rpoB gene of the eight Rif r strains with the sequence AC# Z54353, showed nucleotide substitutions resulting in amino acid changes at positions 542 and 552, inside the region corresponding to cluster I (Table II) . The substitution at position 542 (AspǞVal) was found in strains 745, 870, 888 and 978.
A histidine was replaced by a tyrosine residue at position 552 in strains 694, 899 and 901. At the same 552 position, an asparagine residue instead of a histidine, was found in strain 944.
Sequencing performed in the same region of three Rif s 220 strains, used as controls, showed the absence of these mutations.
The mtr promoter region and mtrR gene showed the presence of some mutations (data not shown) that were the same in both resistant and susceptible strains (eight Rif r and 16 Rif s ). The molecular typing obtained by PFGE of the eight Rif r strains, is shown in the Figure. Two PFGE types were identified: one produced by strains 694, 899, 901, 944 and 978 ( Figure, lanes 1-5) ; the other by strains 745, 870 and 888 ( Figure, lanes 6-8) . The two PFGE patterns were considered unrelated according to Tenover's classification and with a Dice coefficient of Ͻ0.85.
Identical grouping of the strains was obtained by PCR-RFLP for porA and porB genes (data not shown).
Discussion
The aim of the present study was to investigate the molecular mechanism of rifampicin resistance in the first eight Rif r N. meningitidis strains isolated in Italy from patients with invasive disease who had not been treated with rifampicin beforehand.
Few reports have been published concerning the mutations affecting the rpoB gene in N. meningitidis strains. 3, 4 The results obtained by sequencing a 1082 bp fragment in the rpoB gene of all the Rif r strains examined, showed the presence of two mutations in the region corresponding to cluster I. According to these mutations the strains could be divided into two groups. The first, including strains 745, 870 and 888 (serogroup C) and 978 (serogroup B), showed the presence of a valine residue instead of an asparagine at codon position 542. This substitution is documented in N. meningitidis for the first time.
In the second group, a histidine was replaced by a tyrosine at position 552 in strains 694, 899 and 901 (serogroup C), and by an asparagine in strain 944 (serogroup B). Both mutations have already been described by Carter et al. 3 Among the resistant strains no relationship was found between MIC values for rifampicin and specific genetic mutations in the rpoB gene, as the same mutations gave two different resistance phenotypes with MICs of 64 and Ͼ256 mg/L, respectively.
To explain this difference we also investigated the role of the mtr efflux system recognized as a contributor to antimicrobial resistance in gonococci. 5 However, no difference was found between mutations detected in Rif r and Rif s N. meningitidis strains examined in this study. Thus, other factors as yet unknown could contribute to the increased resistance to rifampicin, such as reduced entry of drug into the bacterium. Molecular typing by PFGE and PCR-RFLP analysis of porA and porB genes indicated that rifampicin resistance in the Italian strains may be associated with the circulation of two different clonal groups without any correlation with the specific mutation detected in the rpoB gene.
Since the role of genetic exchange mechanisms in the spread of rifampicin-resistant N. meningitidis strains cannot be ruled out, the circulation of isolates with this Rif r phenotype will be monitored carefully. 
